The three type strains and a reference strain of Mobiluncus examined in this study had a gram-positive type of cell walls. All four strains were susceptible to vancomycin and resistant to colistin, and the overall susceptibility patterns with other antimicrobial agents were consistent with those of gram-positive microorganisms. Strains of Mobiluncus mulieris were lysed by 3% potassium hydroxide, and strains of Mobiluncus curtisii were not. However, all of the strains examined had intermediate levels of Limulus amebocyte-lysate reactivity that was not lipopolysaccharide associated. Lipopolysaccharide was not detected when whole-cell lysates were digested with proteinase K, separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and silver stained. In addition, 2-keto-3-deoxyoctulosonic acid and heptose were not detected by gas chromatography of 0-methyloxime acetate derivatives of whole-cell carbohydrates. Saponification and gas chromatography of whole-cell fatty acids showed that none of the four strains examined had detectable levels of hydroxylated fatty acids. Hydroxylated fatty acids or aldehyde fatty acids were not detected in acid hydrolysates of crude cell membrane preparations. (1, 4, 17, 27, 30, 35, 37, 39, 41, 45, 48) , although the taxonomic position of members of this genus is still unresolved (15, 43) .
Curved rod-shaped bacteria resembling members of the recently described genus Mobiluncus (43) have been observed in genital (8, 35, 49) and extragenital sites (11, 46) of both healthy and diseased women. Curved bacteria were first observed in vaginal secretions by Kronig in 1895 (24) and were successfully isolated from uterine discharge by Curtis in 1913 (5). In 1940, Prevot (36) extensively studied the anaerobic curved rod-shaped organism recovered by Curtis and designated "Vibrio mulieris." Recently, Hammann et al. (15) proposed a new genus (Falcivibrio) containing two species (Falcivibrio grandis and Falcivibrio vaginalis) for organisms previously designated " Vibrio mulieris.' ' Curved anaerobic bacteria similar to species of Mobiluncus have received much attention (1, 4, 17, 27, 30, 35, 37, 39, 41, 45, 48) , although the taxonomic position of members of this genus is still unresolved (15, 43) .
The genus Mobiluncus has been tentatively assigned to the family Bacteroidaceae (43) , which includes obligately anaerobic straight, curved, or helical gram-negative and gram-positive rod-shaped bacteria (18) . The Gram reactions of strains of Mobiluncus are typically gram negative or variable (15, 43) , although electron micrographs show that structurally these organisms have gram-positive cell walls (41, 43) and lack an outer membrane. Likewise, anaerobic curved rod-shaped organisms belonging to the genera Butyrivibrio, Lachnospira, and Acetivibrio (B), which are also members of the family Bacteruidaceae, stain gram negative but are structurally gram positive. Among anaerobic curved rods consistent with Mobiluncus, fatty acid aldehydes (presumably from plasmologens) have been detected, while hydroxlated fatty acids (found predominately in gram-negative bacteria) have not been found (39) . Mobiluncus species are resistant to some antimicrobial agents which traditionally inhibit gram-negative microorganisms and are susceptible to some antimicrobial agents which inhibit gram-positive microorganisms (1, 8, 15, 42, 43, 44) . Limulus amebocyte lysate (LAL) reactivity, an indicator of gram-negative endotoxin, has also been reported (29) .
In this study, we compared characteristics of the type onies were removed from plates with a sterile Dacron swab and inoculated into 250 ml of Columbia broth (BBL) supplemented with 2% rabbit serum (GIBCO Laboratories, Grand Island, N.Y.), 1% soluble starch, and 0.4 mM cysteine hydrochloride (CHSS), as well as 50 mM 4-(2-hydroxyethyl)-
1-piperazine-ethanesulfonic acid (HEPES) buffer (pH 7.2).
The flasks were incubated in an anaerobic jar by using the GasPak system and a catalyst at 35°C on a gyratory shaker (150 rpm) for 3 days, at which time the cells were observed to be in early stationary phase. Each culture was checked for purity by streaking a chocolate agar plate for isolated colonies and incubating the preparations as described above. CHSS cultures were harvested by centrifugation at 4,000 X g for 20 min at 4°C. The supernatant was discarded, and the cells were washed twice in 10 mM HEPES buffer (pH 7.2). The first wash was with 100 ml of buffer (centrifuged as described above), and the second wash was with 40 ml of buffer (centrifuged at 12,000 X g for 10 min at 4°C). The washed cell suspensions were used for cell lysis, fatty acid, LPS , and carbohydrate determinations.
The cells used to prepare membranes were suspended in 10 ml of HEPES buffer (pH 7.2) and ruptured by sonication (Branson Sonic Power Co., Danbury, Conn.) at 60 W (six 15-s bursts) while they were on ice. The sonic extract was centrifuged at 12,000 x g for 20 min at 4°C to remove debris and unbroken cells. The supernatant was then centrifuged at 144,000 x g for 1.5 h at 4°C in a Spinco model L ultracentrifuge (Beckman Instruments, Inc., Fullerton, Calif.). The supernatant was discarded, and the crude membrane pellet (which was gently washed with HEPES buffer) was placed into a 5-ml tissue homogenizer and suspended by using a Teflon pestle in 1 ml of HEPES buffer. This procedure routinely gave protein concentrations of 5 to 10 mg/ml. The crude membrane preparations were used immediately after protein determinations or were stored at -20°C for up to 2 weeks.
Antimicrobial agent susceptibility tests. Because media routinely used for dilution tests would not support the growth of the strains which we used, we tested 11 broth bases and several supplements to determine their suitability for broth microdilution testing (Table 1 ). Standard quality control strains were also tested to determine the influence of the unstandardized media (31) .
Minimum inhibitory concentration (MIC) testing was done by using Sceptor plates (BBL) to which 0.1-ml portions of appropriate broth media had been added. The final inoculum used was between 5 x lo5 and 1 x lo6 colony-forming units/ml. The plates were incubated for 48 h at 35°C in an anaerobic glove box with an atmosphere of 85% nitrogen, 10% hydrogen, and 5% carbon dioxide. MICs were defined as the lowest concentrations of antimicrobial agents that inhibited visible growth.
Cell lysis. Cell lysis was defined as clearing of a cell suspension with a concomitant increase in viscosity, as measured by stringing of deoxyribonucleic acid. Bacterial cells (0.1 ml; lo8 to lo9 cells per ml in 10 mM HEPES buffer) were added to 0.5 ml of lysing agent in a 1.5-ml polypropylene tube. The cells were mixed by inversion and incubated at the appropriate temperature. All tests were run in duplicate with washed cells harvested from CHSS after 72 h of growth. The lysis of cells after addition of 3% potassium hydroxide was determined as described previously (3) . Briefly, the paste from approximately one-fourth of a 3-mm loop was suspended in 50 pl of 3% KOH placed on a microscope slide.
Cell suspensions containing 2% sodium dodecyl sulfate (SDS) were incubated at room temperature (22°C) and in a All media were supplemented with 0.5 k g of vitamin K1 per ml and 5 pg of hemin per ml. These media were tested for growth along with the media containing additional supplements.
The following supplements were used: I, 2% horse serum; 2, 10% horse serum; 3,5% lysed and centrifuged horse blood; 4,1% soluble starch and 2% horse serum; 5 , 5% lysed and centrifuged rabbit blood; 6, 5% lysed and centrifuged sheep blood; 7,5% lysed and centrifuged horse blood and 10 pg of nicotinamide adenine dinucleotide per ml; 8, 5% lysed and centrifuged horse blood and 0.5% yeast extract; and 9, 10% bovine serum.
Cations were added to Mueller-Hinton broth according to the recommendations of the National Committee for Clinical Laboratory Standards (31) .
water bath at 55°C for 1 h. A cell control without SDS was also incubated at 55°C for 1 h and examined for lysis. Solutions of lysozyme (1 and 10 mg/ml) were prepared in 50 mM tris(hydroxymethy1)aminomethane (Tris) buffer (pH 8.0) with and without 10 mM sodium (ethylenedinitri1o)tetraacetic acid (EDTA). The cells were added, and the mixture was incubated at 0°C for 1 h and examined for cell lysis. Lysozyme-cell mixtures were brought up to 2% SDS by adding a 25% SDS solution, heated at 55°C for 30 min, and examined f o r cell lysis. Solutions of achromopeptidase (Wako Chemicals, Inc., Dallas, Tex.) containing 1,OOO U (1 mg/ml) were prepared in 10 mM HEPES buffer. After cells were added, the mixtures were incubated at 37°C for 1 h and examined for cell lysis.
LAL assay. Crude membrane preparations of known protein concentrations and wet weights and LPS from Escherichia coli serotype 026:B6 (Sigma Chemical Co., St. Louis, Mo.) were examined in the LAL assay. LAL (lot 4) and reference endotoxin (lot EC4; 100 mg/ml) were obtained from the Bureau of Biologics, Bethesda, Md.) The LAL assay used was a modification of previously described methods (21, 47) . Sterile pyrogen-free water (Cutter Laboratories, Inc., Berkeley, Calif.) was used to reconstitute lyophilized LAL and for all dilutions. Test reagents were kept on ice for up to 8 h and then stored at -20°C for up to 1 week. The glassware was heated in a dry oven at 180°C for at least 4 h; all materials were pyrogen-free. The assay was carried out in glass tubes (10 by 75 mm) containing 0.1 ml of diluted sample and 0.1 ml of LAL. After a tube was rotated 180", a firm clot was considered a positive test. Clotting endpoints were determined for each preparation after 0.1 ml of a 10-fold dilution was incubated with 0.1 ml of LAL for 1 h at 37°C. All tests were performed in duplicate and with at least three different cell preparations. Positive and negative controls (one each) were included with each run.
Fatty acid analysis. Fatty acids were liberated from whole cells by base hydrolysis (6) and from crude membranes by acid hydrolysis (19) . Gas-liquid chromatography of the fatty acids (as methyl esters) was performed by using a 50-m fused-silica capillary column (6). Procedures and equipment INT. J. SYST. BACTERIOL.
(6) which have been described previously were used to liberate fatty acids from whole cells (alkaline methanolysis) (6) and crude membranes (acidic methanolysis) (19) . Cells harvested from one plate and crude membranes (wet weight, 30 to 40 mg) were used for fatty acid analyses.
Fatty acid aldehydes from Clostridium butyricum and authentic aldehyde standards (Supelco, Inc., Bellefonte, Pa.) were assayed by the procedure described by Skarin et al. (39) or Jantzen and Hofstad (19) . Dimethylacetal derivatives and aldehyde fragments were detected with a model 21-491B gas chromatograph-mass spectrometer (Du Pont Co., Wilmington, Del.) equipped for both electron impact and chemical ionization (6).
Carbohydrate analysis. 0-methyloxime acetate derivatives of whole-cell carbohydrates were analyzed by gas chromatography, using the procedures and equipment described by Guerrant and Moss (14) .
LPS from whole-cell lysates. LPS from whole-cell lysates was analyzed by a modification of the method of Hitchcock and Brown (16) . Whole cells from four Mobiluncus strains, S . typhimurium LT2 (positive control), and ' 'Corynebacterium genitalium" (negative control) were harvested in 10 mM HEPES buffer (pH 7.4) and adjusted to a turbidity of 200 Klett units (green filter). A 1-ml sample of each suspension was centrifuged for 2 rnin at 15,000 x g and 4°C in a model 5414 Eppendorf microcentrifuge (Brinkmann Instruments, Inc., Westbury, N.Y.), and the supernatant was decanted. Cell pellets were lysed by adding 25 pg of achromopeptidase (1,000 U in 10 mM HEPES, pH 7.4) and incubated for 1 h at 37°C; samples of purified E. coli serotype 026936 (Sigma) LPS (25 pg in water) were also prepared. A 50-pl portion of lysing buffer (2% SDS, 4% 2-mercaptoethanol, and 10% glycerol in 1 M Tris [pH 6.81 containing 10 pl of 0.05% bromphenol blue per ml of buffer) was added, and the lysates were heated for 10 rnin at 100°C. A 10-pg portion of proteinase K (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) was added to each lysate, and this was followed by incubation at 60°C for 1.5 h. The lysates were centrifuged for 1 min at 15,000 x g, and the supernatants were recovered.
SDS-urea-polyacrylamide gel electrophoresis of lysates was carried out by using a modified Laemmli gel system (25) . A discontinuous buffer system was used with a 4% stacking gel and a 15% separating gel (pH 6.8 and 8.8, respectively) containing 4 M urea.
LPS samples were diluted to 25 yl in distilled water, and an equal volume of lysing buffer was added. Each mixture was heated at 100°C for 10 min and cooled in ice, and 50 pl was loaded into each well of a gel and electrophoresed. The gels loaded with LPS samples were run at a constant current of 20 mA. Each run took approximately 4.5 h for the tracking dye (bromphenol blue) to migrate to within 1 cm of the bottom of the gel. The lower chamber of the apparatus was filled with 3.2 liters of chamber buffer (0.025 M Tris, 0.192 mM glycine, 0.1% SDS, pH 8.3), which was used no more than four times, and the upper chamber was filled with 600 ml of buffer, which was discarded after each run. The gels were then silver stained (16), photographed, analyzed, and stored in plastic zip-lock bags at 4°C.
Protein concentration determinations. Protein concentrations were determined by using a modification of the method of Lowry et al. (7) and bovine serum albumin as the standard.
Chemicals. The Tris, N,N'-methylenebisacrylamide, N,N,N'N'-tetramethylenediamine, acrylamide, glycine, S D S , 2-mercaptoethanol, ammonium persulfate , bromphenol blue tracking dye, Coomassie brilliant blue R-250, and molecular weight standards used were electrophoresis grade reagents that were obtained from Bio-Rad Laboratories, Richmond, Calif. n-Butanol, methanol, periodic acid, and citric acid were obtained from J. T. Baker Chemical Co. , Phillipsburg, N.J. ; isopropanol, formaldehyde, and EDTA were obtained from Mallinckrodt, Inc., Paris, Ky.; and glycerol and acetic acid were obtained from American Scientific Products, McGaw Park, Ill. All other chemicals were reagent grade and were used without additional purification.
RESULTS
Susceptibility tests and optimal growth medium. None of the strains of Mobiluncus which we examined grew in any of the broth bases without supplements, but the organisms did grow slightly in most of the broth bases when they were supplemented with serum or lysed blood (Table 1) . However, no single broth base was suitable for both species. For M . curtisii, Mueller-Hinton broth (Difco Laboratories, Detroit, Mich.) supplemented with cations (31) and 5% lysed and centrifuged rabbit blood supported the best growth; for M . mulieris, Columbia broth (BBL) supplemented with 0.25% soluble starch (solubilized by heating and added to the broth before autoclaving) and 2% horse serum supported the best growth. The two strains of M. mulieris grew very poorly in the supplemented Mueller-Hinton broth base media tested.
All four strains of Mobiluncus were susceptible to the following antimicrobial agents (MICs are indicated in parentheses): penicillin (50.12 pg/ml), ampicillin (10.25 pg/ml), carbenicillin ( 1 4 pg/ml), piperacillin (14 pg/ml), ticarcillin ( 1 4 pg/ml), azlocillin ( 1 8 yglml), mezlocillin ( 1 4 pg/ml), cephalothin (10.5 pg/ml), cefoxitin (11.0 pg/ml), cefamandole (11.0 yglml), cefuroxime (11.0 pg/ml), cefotaxime (10.5 pg/ml), moxalactam ( 1 2 pg/ml), cefoperazone (12 pg/ml), chloramphenicol(~O.5 pg/ml), erythromycin (10.12 pg/ml), clindamycin (10.12 pg/ml), vancomycin (10.25 pglml), and rifampin (50.25 pg/ml).
For the following antimicrobial agents there were species differences or resistance was observed (the MICs for M. mulieris ATCC 35240, M . mulieris ATCC 35243=, M. curtisii subsp. curtisii ATCC 35241T and M . curtisii subsp. holmesii ATCC 35242T, respectively, are indicated in parentheses): gentamicin (0.5, 1, 1, and 1 pg/ml), amikacin (4, 8, 16 , and 8 pg/ml), tobramycin (1,2,4, and 2 yg/ml), tetracycline (50.5, 10.5, 16, and 32 yg/ml), metronidazole (4, 11, 32, and >64 pg/ml), and colistin (>128, >128, 128, and 128 pg/ml).
The results for the control strains tested were within normal ranges except that the MIC of mezlocillin was 1 log2 dilution high for P. aeruginosa ATCC 27853T in MuellerHinton broth supplemented with cations and 5% lysed and centrifuged rabbit blood (64 pg/ml) and the MIC for tobramycin was 1 log2 dilution high (2 pg/ml) for E . coli ATCC 25922 in Columbia broth supplemented with 0.25% soluble starch and 2% horse serum. Sulfamethoxazole-trimethoprim could not be tested in either of the media used.
Cell lysis. The abilities of various agents to lyse strains of Mobiluncus and control strains were examined. Cells of M . mulieris were lysed within 1 min after being suspended in 3% KOH; M . curtisii strains were not lysed even after 5 min. M . curtisii strains were lysed when they were heated in 2% SDS; M . mulieris strains were not lysed. No lysis was observed with any strain examined when the cells were suspended in 2% SDS and incubated at room temperature or when the cells were heated at 55°C in 10 mM HEPES buffer. None of the strains were lysed when they were treated with lysozyme (1 or 10 mg/ml) and EDTA (10 mM). However, all four strains were lysed if they were first treated with 10 mg of lysozyme per ml and then heated in 2% SDS; only the M. curtisii strains were lysed if they were first treated with 1 mg of lysozyme per ml and then heated in 2% SDS. The addition of 10 mM EDTA to the lysozyme solution made no difference in the cell lysis observed. All four strains were lysed by 1,000 U of achromopeptidase per ml. LAL reactivity. Crude membrane preparations from all four strains of Mobiluncus reacted in the LAL assay (Table   2 ). Crude membranes (4 mg of protein per ml) from P . aeruginosa formed a clot at a dilution of (4 ng of protein per ml), and no clot was formed with crude membranes of "Corynebacterium genitalium" (16 mg of protein per ml). The strains of Mobiluncus had at least a 3-log higher LAL reactivity than "Corynebacterium genitaliurn" (which contains no endotoxin) and a 3-log lower reactivity than P . aeriginosa (which contains endotoxin). Reference endotoxin (100 ng of endotoxin per ml) formed a clot at a dilution of (1 ng of endotoxin per ml), the lowest level of LAL reactivity detectable. Freeze-dried LPS (1 mg of LPS per ml) formed a clot at a dilution of (1 ng of LPS per ml). No clot formed with undiluted CHSS or diluent alone, and no change in reactivity was observed when pyrogen-free saline was used in place of pyrogen-free water as the diluent.
LPS content. The characteristic ladderlike appearance on gels which is due to smooth LPS with varying numbers of oligosaccharide side chains was only partially observed with both purified LPS (E. coli serotype 026:B6) and proteinase K digests of S . typhimurium LT2 (Fig. 1, lanes 1 and 2,  respectively) . LPS was not observed in proteinase K digests of the four strains of Mobiluncus tested (Fig. 1, lanes 4 through 7 ) or in "Corynebacterium genitalium" (Fig. 1, lane  3) . Characteristic silver-staining bands were not detected even with a prolonged development time or when an increased amount of sample was loaded onto the gels.
Carbohydrate content. The carbohydrate contents of the four strains of Mobiluncus (as determined by gas chromatography) are shown in Table 3 , and a representative gasliquid chromatogram is shown in Fig. 2 . No 2-keto-3-deoxyoctulsonic acid (KDO) or degradation products of KDO were detected in the species examined; also, Lglycero-D-mannoheptose (heptose) was not found. In addition to the gas-liquid chromatographic analysis, KDO was not detected by using the procedure of Karkhanis et al. (22) . All strains had similar amounts of rhamnose, galactose, glucosamine, and muramic acid. The M. mulieris strains had approximately three times as much ribose as the M . curtisii strains, whereas the M . curtisii strains had two times as much glucose as the M . mulieris strains. Mannosamine was detected in both M . curtisii subsp. curtisii (4%) and M . curtisii subsp. holmesii (2%), but was not detected in either M . mulieris strain. Galactosamine was present in all four strains examined; the M . mulieris strains contained 1% glucosamine, and the M . curtisii strains contained less than 0.5%. A relatively large amount of an unidentified compound was found only in strains of M. mulieris (Fig. 2) .
Fatty acid content. The fatty acids detected by alkaline hydrolysis of whole cells and acid hydrolysis of crude membrane preparations are shown in Table 4 ; a representative chromatogram is shown in Fig. 3 . The fatty acid contents of the four strains of Mobiluncus were qualitatively and quantitatively similar ( Table 4) to one another when either hydrolysis procedure was used. No hydroxylated fatty acids, which are characteristic of most gram-negative bacteria, were detected in any strain of Mobiluncus examined.
Hydroxylated fatty acids were detected in a strain of P. Acid-hydrolyzed crude membrane preparations contained the same fatty acids as the base-hydrolyzed whole cells, except for an additional isomer of octadecenoic (18: 1) acid that was detected in low amounts; this may indicate the presence of an amide-linked acid. The major fatty acids detected in all four strains of Mobiluncus were the same for both hydrolysis procedures (16:0, 18:2, and 18:l); these three acids represented more than 50% of the total fatty acids detected. No fatty acid aldehydes were detected in any of the Mobiluncus strains examined when we used either the procedure of Janzen and Hofstad (19) or the procedure of Skarin et al. (39, 40) , even with concentrated preparations.
DISCUSSION
The strains of Mobiluncus examined in this investigation have characteristics of microorganisms with a gram-positive type of cell walls, although their Gram reactions have been reported to be negative or variable (15, 43) . This discrepancy underscores the need to use additional analytical techniques or biochemical techniques or both to accurately determine cell wall type. Errors in determining the Gram reaction are among the most frequent causes of mistaken identification (3) .
The susceptibilities of the strains were determined mainly to determine whether they had a pattern that was consistent with either gram-positive or gram-negative organisms. For some antimicrobial agents, anaerobes have a pattern of susceptibility that has been used as a general indicator of cell wall type (10, 38) . The most useful agents for this are vancomycin, colistin or polymyxin B, and metronidazole. Vancomycin is very active against most gram-positive anaerobes but not against gram-negative organisms (10) . Colistin or polymyxin B lacks activity against gram-positive anaerobes and many Bacteroides species (10). Metronidazole is active against most all anaerobic organisms except some gram-positive species (10) . The activities of other antimicrobial agents are less predictable and, therefore, less useful as indicators of cell wall type. For the strains which we examined, the overall susceptibility patterns were consistent with those of gram-positive microorganisms.
The media used for growth and subsequent susceptibility testing revealed that no one medium supported adequate growth of all strains of Mobiluncus tested. This indicates that the two species require different compounds for growth and that their anabolic pathways or catabolic pathways or both may vary significantly.
Lysis of bacterial cells by chemical agents is primarily dependent upon cell wall structure (20) . Most gram-positive bacteria resist lysis after treatment with KOH, whereas most gram-negative bacteria are lysed (3, 13, 50) . Many gramnegative bacteria are lysed by detergent alone, whereas most gram-positive bacteria require predigestion with hydrolytic enzymes, such as lysozyme, before they can be lysed by a detergent (20) . It was interesting that the strains of M . mulieris were lysed by the addition of 3% KOH, whereas the two strains of M . curtisii were not lysed; the latter result is more typical of gram-positive microorganisms (3, 50). Tolerance to alkali (pH 12) has been used to obtain higher cell yields of Mobiluncus in broth cultures (32) . The two strains of M . curtisii were lysed in 2% SDS at 55"C, whereas the strains of M. mulieris were not lysed; the former result is more typical of gram-negative microorganisms (20) . All four strains were lysed by 1,000 U of achromopeptidase per ml. This enzyme is bacterolytic and lyses many lysozymeresistant gram-positive bacteria (9, 28) ; some activity toward gram-negative bacteria has also been reported.
The LAL test is a very sensitive assay for the detection of bacterial endotoxin (33, 34) . The lipid moiety of LPS is believed to be associated with LAL reactivity (23, 51) . The four strains of Mobifuncus which we examined had LAL reactivities that were intermediate between those of "Corynebacterium genitafiurn" (no detectable LAL reactivity) and P. aeruginosa, although no LPS was detected in any of the strains examined. However, other compounds, such as proteins, peptidoglycan, dextrans, carrageenan, p-(1+3)-glucan, polynucleotides, mannans, dextrans, and lipoteichoic acids, have been reported to have LAL reactivity (23) .
Lipoteichoic acids (lipid-containing phosphodiesters of ribitol and glycerol) are likely candidates for LAL activation since they are present in gram-positive bacteria (23) . In addition, the uncharacterized peptidoglycan of Mobiluncus, which is present in large amounts in gram-positive bacteria, may be associated with the LAL reactivity observed.
The 0-methyloxime acetate derivatives of whole-cell carbohydrates demonstrated that peptidoglycan was present, and usual components of gram-negative bacteria (LPS, KDO and heptose) were absent from all of the strains examined. The inner core oligosaccharide of LPS contains KDO and heptose; KDO links the inner core to lipid A (2). The ketosidic linkage is easily cleaved by mild acid hydrolysis. However, substituted KDO (C-4 or C-5 or both) is not liberated by mild acid hydrolysis, but requires more vigorous acid treatment (2) . Heptose, KDO, or degradation products of KDO were not detected in strains of Mobiluncus that were exposed to either acid treatment. These results are consistent with a gram-positive type of cell walls, and indicate that taxonomic assignment of Mobiluncus species should be with related anaerobic gram-positive cell wall type bacteria and not with gram-negative cell wall type bacteria. Peptidoglycan is composed of alternating units of the Gram-negative bacteria frequently contain hydroxylated unique amino sugar, muramic acid, and glucosamine. fatty acids which are associated with LPS (26) . HydroxylMuramic acid is found only in the cell walls of procaryotes. ated fatty acids have also been detected in ornithine lipids We report the presence of peptidoglycan in Mobiluncus and sphingolipids (19) . The absence of these acids in bacteria based on the presence of muramic acid, which was consuggests that LPS is not present (19) and that the microorfirmed by a second derivative.
ganisms have a gram-positive type of cell walls. The four --" The number to the left of the colon is the number of carbon atoms, and the number to the right of the colon is the number of double bonds.
Values are percentages of total acids. ND, Not determined.
-, Negative (no aldehydes detected). strains of Mobiluncus which we examined contained no detectable hydroxylated fatty acids. These results are in agreement with previous descriptions of anaerobic curved bacteria resembling Mobiluncus (39, 40) .
Saponification of whole cells liberates ester-linked fatty acids, and acid methanolysis liberates amide-linked and aldehyde fatty acids (6, 39). Aldehyde fatty acids, an indicator of plasmalogens, have been reported in concentrated, acid-hydrolyzed samples of some anaerobic curved bacteria that resemble Mobiluncus (39). In this study, we did not detect aldehyde fatty acids in the four strains of Mobiluncus examined even when concentrated samples and high instrument sensitivity were used. Aldehyde fatty acids are known to be very labile and are readily oxidized to a stable fatty acid configuration. However, as reported previously (12), we easily detected the dimethylacetal derivatives of aldehyde fatty acids in Clostridium butyricum (control strain), as well as with authentic aldehyde fatty acid standards. The presence of dimethylacetal derivatives was confirmed by gas chromatography-mass spectroscopy, and these compounds had characteristic fragments at mlz 44 and 75 (data not shown). Our results, which were obtained by using only four strains of Mobiluncus, do not agree with those of Skarin et al. (39, 40) , who detected aldehyde fatty acids in 39 of 45 strains tested. This discrepancy is probably due to phenotypic variability among strains or genotypic variability among strains or both.
In summary, the four strains of Mobiluncus which we examined had characteristics of gram-positive microorganisms. The absence of hydroxylated fatty acids, KDO, heptose, and classical LPS is consistent with a gram-positive cell wall type. In addition, the antimicrobial agent susceptibilities were also consistent with the susceptibilities of gram-positive bacteria.
